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NEUTRINO MIXING FROM THE CKM MATRIX IN SUSY SO(10)× U(2)F
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We construct a realistic model based on SUSY SO(10) with U(2) flavor symmetry. A set of symmetric
mass textures give rise to very good predictions; 15 masses and 6 mixing angles are predicted by
11 parameters. Both the vacuum oscillation and LOW solutions are favored for the solar neutrino
problem.
The flavor problem with hierarchical
fermion masses and mixing has attracted a
great deal of attention especially since the
advent of the atmospheric neutrino oscilla-
tion data from Super-Kamiokande indicat-
ing non-zero neutrino masses. The non-zero
neutrino masses give support to the idea of
grand unification based on SO(10) in which
all the 16 fermions (including νR) can be ac-
commodated in one single spinor represen-
tation. Furthermore, it provides a frame-
work in which seesaw mechanism arises nat-
urally. Naively one expects, for symmetric
mass textures, six texture zeros in the quark
sector. But it has been observed by Ramond,
Roberts and Ross1 that the highest number
of texture zeros has to be five, and using phe-
nomenological analyses, they were able to ar-
rive at five sets of up- and down-quark mass
matrices with five texture zeros. Our analysis
with recent experimental data and using CP
conserving real symmetric matrices indicates
that only one set remains viable. The aim
of this talk, based on Ref.[2], is to present
a realistic model based on SO(10) combined
with U(2) as the flavor group, utilizing this
set of symmetric mass textures for charged
fermions. We first discuss the viable phe-
nomenology of mass textures followed by the
model which accounts for it, and then the im-
plications of the model for neutrino mixing
are presented.
The set of up- and down-quark mass ma-
trix combination is given by, at the GUT
scale,
Mu =

 0 0 a0 b c
a c 1

 d, Md =

0 e 0e f 0
0 0 1

h (1)
with a
<
∼ b ≪ c ≪ 1, and e ≪ f ≪ 1.
Symmetric mass textures arise naturally if
SO(10) breaks down to the SM group via the
left-right symmetric breaking chain SU(4)×
SU(2)L×SU(2)R. The SO(10) symmetry re-
lates the up-quark to the Dirac neutrino mass
matrices, and the down-quark to the charged
lepton mass matrices. To achieve the Georgi-
Jarlskog relations, md ≃ 3me, ms ≃
1
3mµ,
mb ≃ mτ , a factor of −3 is needed in the
(2, 2) entry of the charged lepton mass ma-
trix,
Me =

0 e 0e −3f 0
0 0 1

 h (2)
This factor of −3 can be generated by the
SO(10) Clebsch-Gordon coefficients through
the couplings to the 126 dimesional repre-
sentations of Higgses. In order to explain
the smallness of the neutrino masses, we will
adopt the type I seesaw mechanism which
requires both Dirac and right-handed Majo-
rana mass matrices to be present in the La-
grangian. The Dirac neutrino mass matrix
is identical to the one of the up-quark in the
framework of SO(10)
MνLR =

 0 0 a0 b c
a c 1

 d (3)
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The right-handed neutrino sector is an un-
known sector. We find2 that if the right-
handed neutrino mass matrix has the same
texture as that of the Dirac neutrino mass
matrix,
MνRR =

 0 0 δ10 δ2 δ3
δ1 δ3 1

MR (4)
and if the elements δi are of the right orders of
magnitudes, determined by δi = fi(a, b, c, t),
then the resulting effective neutrino mass ma-
trix will take the following form
MνLL =M
T
νLR
M−1νRRMνLR =

0 0 t0 1 1
t 1 1

Λ
(5)
Note that MνLL has the same texture as
that of MνLR and MνRR . That is to say,
the seesaw mechanism is form invariant. A
generic feature of mass matricies of the type
given in Eq.(5) is that they give rise to bi-
maximal mixing pattern. After diagonaliz-
ing this mass matrix, one can see immedi-
ately that the squared mass difference be-
tween m2ν1 and m
2
ν2
is of the order of O(t3),
while the squared mass difference between
m2ν2 and m
2
ν3
is of the order of O(1), in units
of Λ. For t ≪ 1, the phenomenologically fa-
vored relation ∆m2atm ≫ ∆m
2
⊙ is thus ob-
tained.
The U(2) flavor symmetry3 is imple-
mented a´ la the Froggatt-Nielsen mechanism.
It simply says that the heaviest matter fields
acquire their masses through tree level inter-
actions with the Higgs fields while masses of
lighter matter fields are produced by higher
dimensional interactions involving, in addi-
tion to the regular Higgs fields, exotic vector-
like pairs of matter fields and the so-called
flavons (flavor Higgs fields). After integrat-
ing out superheavy (≈ M) vector-like mat-
ter fields, the mass terms of the light mat-
ter fields get suppressed by a factor of <θ>
M
,
where < θ > is the VEVs of the flavons and
M is the UV-cutoff of the effective theory
above which the flavor symmetry is exact.
We assume that the flavor scale is higher than
the GUT scale. The heaviness of the top
quark and to suppress the SUSY FCNC to-
gether suggest that the third family of matter
fields transform as a singlet and the lighter
two families of matter fields transform as a
doublet under U(2). In the flavor symmetric
limit, only the third family has non-vanishing
Yukawa couplings. U(2) breaks down in two
steps: U(2)
ǫM
−→ U(1)
ǫ′M
−→ nothing, where
ǫ′ ≪ ǫ ≪ 1 and M is the flavor scale. These
small parameters ǫ and ǫ′ are the ratios of
the vacuum expectation values of the flavon
fields to the flavor scale. Since ψ3ψ3 ∼ 1S ,
ψ3ψa ∼ 2, ψaψb ∼ 2 ⊗ 2 = 1A ⊕ 3, the only
relevant flavon fields are in the Aab ∼ 1A,
φa ∼ 2, and Sab ∼ 3 dimensional represen-
tations of U(2). Because we are confining
ourselves to symmetric mass textures, we use
only φa and Sab. In the chosen basis, the
VEVs various flavon fields could acquire are
given by
〈φ〉
M
∼ O
(
ǫ′
ǫ
)
,
〈
Sab
〉
M
∼ O
(
ǫ′ ǫ′
ǫ′ ǫ
)
(6)
Putting everything together, a symmetric
mass matrix would have the following built-in
hierarchy given by

 ǫ
′ ǫ′ ǫ′
ǫ′ ǫ ǫ
ǫ′ ǫ 1

 (7)
Combining SO(10) with U(2), the most gen-
eral superpotential which repects the symme-
try one could write down is given schemati-
cally by
W = H(ψ3ψ3 + ψ3
φa
M
ψa + ψa
Sab
M
ψb) (8)
The superpotential of our model which
generates fermion masses is given by
W =WD(irac) +WM(ajorana) (9)
WD = ψ3ψ3T1 +
1
M
ψ3ψa
(
T2φ(1) + T3φ(2)
)
proceed: submitted to World Scientific on October 29, 2018 2
For Publisher’s use
+
1
M
ψaψb
(
T4 + C
)
S(2) +
1
M
ψaψbT5S(1)
WM = ψ3ψ3C1 +
1
M
ψ3ψaΦC2 +
1
M
ψaψbΣC2
where Ti’s and Ci’s are the 10 and 126 di-
mensional Higgs representations of SO(10)
respectively, and Φ and Σ are the doublet
and triplet of U(2), respectively. Detailed
quantum number assignments and the VEVs
acquired by various scalar fields are given in
Ref.[2]. This superpotential gives rise to the
mass textures given in Eq.(1)-(4). Various
entries of these matrices are given in terms of
ǫ, ǫ′, and ratios of Higgs VEVs. Note that,
since we use 126 dimensional representaions
of Higgses to generate the heavy Majorana
neutrino mass terms, R-parity symmetry is
preserved at all energies.
With values of up-quark masses, charged
lepton masses and the Cabbibo angle, the
input parameters at the GUT scale are
determined2. The charged fermion mass pre-
dictions of our model at MZ which are sum-
merized in Table[1] including 2-loop RGE ef-
fects are in good agreements with the exper-
imental values2. The CKM matrix is pre-
dicted to be
 0.975 0.222 0.003540.222 0.975 0.0367
0.00474 0.0368 0.999

 (10)
In the neutrino sector, the VO solution
to the solar neutrino problem is obtained
with (δ1, δ2, δ3,MR) = (0.00116, 3.32 ×
10−5, 0.0152, 1.32 × 1014GeV ). The atmo-
spheric and solar squared mass differences
are predicted to be ∆m223 = 3.11 × 10
−3eV 2
and ∆m212 = 2.87 × 10
−10eV 2; the mix-
ing angles are given by sin2 2θatm = 0.999,
and sin2 2θ⊙ = 0.991. |Ueν3 | is pre-
dicted to be 0.0527 which is below the
upper bound 0.16 by the CHOOZ experi-
ment. We can also have the LOW solu-
tion with (δ1, δ2, δ3,MR) = (0.00115, 2.35 ×
10−4, 0.0168, 1.62 × 1013GeV ). In this case,
∆m223 = 3.97 × 10
−3eV 2, and ∆m212 =
1.30 × 10−7eV 2. The mixing angles are
data at Mz predictions
mu 2.33
+0.42
−0.45MeV 1.917MeV
mc 677
+56
−61
MeV 738.7MeV
mt 181
+
−
13GeV 184.3MeV
md
ms
17 ∼ 25 22.5
ms 93.4
+11.8
−13.0MeV 83.15GeV
mb 3.00
+
−
0.11GeV 3.0141GeV
me 0.486847MeV 0.486MeV
mµ 102.75MeV 102.8MeV
mτ 1.7467GeV 1.744GeV
Table 1. Predictions and values extrapolated from ex-
perimental data at MZ for charged fermion masses.
given by sin2 2θatm = 0.999, and sin
2 2θ⊙ =
0.990. |Ueν3 | is predicted to be 0.0743.
It is possible to have the LAMSW solu-
tion with (δ1, δ2, δ3,MR) = (0.00108, 9.87 ×
10−5, 0.0224, 2.42×1012GeV ). These param-
eters predict ∆m223 = 9.85 × 10
−3eV 2, and
∆m212 = 2.75× 10
−5eV 2. The mixing angles
are sin2 2θatm = 1.00, and sin
2 2θ⊙ = 0.985.
However, |Ueν3 | is predicted to be 0.158, right
at the experimental upper bound. We note
that a |Ueν3 | value of less than 0.158 would
lead to ∆m223 > 10
−2eV 2 leading to the elim-
ination of the LAMSW solution in our model.
This is a characteristic of the LAMSW solu-
tion with ∆m212 ≥ 10
−5eV 2.
Other aspects of our model including the
proton stability and symmetry breaking are
under investigation.
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